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Introduction
in understanding the regulatory mechanisms underlying that region's functions. To this end, we 48 previously developed engineered DNA-binding molecule-mediated chromatin 49 immunoprecipitation (enChIP) technology to isolate genomic regions of interest along with their 50 interacting molecules (Fujita et al. 2013; Fujita & Fujii 2013) . In enChIP, the locus of interest is 51 tagged with engineered DNA-binding molecules, such as transcription activator-like (TAL) 52 proteins (Bogdanove & Voytas 2011) or a variant of the clustered regularly interspaced short 53 palindromic repeats (CRISPR) system (Harrison et al. 2014; Wright et al. 2016 ) containing a 54 guide RNA (gRNA) and a catalytically inactive form of Cas9 (dCas9). The tagged locus is then 55 affinity-purified to enable identification of associated molecules. Locus-tagging can be achieved 56 in cells by expressing engineered DNA-binding molecules (Fujita et al. 2013; Fujita & Fujii 2013, 
Results and Discussion 74 75
Generation of Tg mouse lines expressing 3xFLAG-dCas9 76
To facilitate enChIP analysis using primary mouse cells, we generated two Tg mouse lines 77 expressing 3xFLAG-dCas9 ( Fig. 1A, B ). One line, 3xFLAG-dCas9-IRES-EGFP, harbors 78 3xFLAG-dCas9 and IRES-EGFP in the Rosa26 locus (Fig. 1A) . In the other line, 3xFLAG-dCas9 79 and IRES-EGFP are present at the Rosa26 locus, but expression of 3xFLAG-dCas9 can be 80 induced by Cre-mediated deletion of the STOP cassette (along with the neo r gene), and EGFP 81 expression can be disrupted by FRT-mediated deletion of the IRES-EGFP cassette ( Fig. 1B (i) ). 82 3xFLAG-dCas9/CTV (neo + / GFP + ) mice were crossed with CAG-Cre mice (Matsumura et al. 83 2004) to delete the STOP cassette and neo r gene, yielding 3xFLAG-dCas9/CTV (GFP + ) mice 84 ( Fig. 1B (ii) ). 3xFLAG-dCas9/CTV (GFP + ) mice can be further crossed with CAG-FLPe mice 85 (Schaft et al. 2001) to delete the IRES-EGFP cassette, yielding 3xFLAG-dCas9/CTV mice (Fig. 86 1B (iii) ). Targeted integration of transgenes was confirmed by PCR ( Fig. 1C ). All mice were 87 viable and fertile with normal litter sizes and did not exhibit any morphological abnormalities. 88
Expression of EGFP was observed throughout the body, including thymocytes and splenocytes 89 ( Fig. 2A) , and 3xFLAG-dCas9 was detected in nuclear extracts (NE) of thymocytes ( Fig. 2B ). In 90 conventional enChIP using primary cells from mice, it is necessary to transduce both tagged 91 dCas9 and gRNA. To compare the number of Tg mice required for enChIP with that required for 92 conventional enChIP, we isolated CD4 + T cells from a wild-type C57BL/6 mouse and transduced 93 them with a retroviral plasmid expressing 3xFLAG-dCas9 (3xFLAG-dCas9/MSCV-EGFP). As 94 shown in Supplementary Figure S1 , the transduction efficiency of 3xFLAG-dCas9/MSCV-EGFP 95 was about 10%. Considering that all cells express 3xFLAG-dCas9 in our Tg mice ( Fig. 2A ), this 7 means that 10 times more mice are required for conventional enChIP than for enChIP using our 97 Tg mice. Thus, our Tg mouse lines have the advantage of reducing the number of mice required 98 for enChIP, as well the time and effort needed to perform enChIP analysis in primary mouse 99 cells. 100 101 enChIP analysis using primary CD4 + T cells 102
Next, we performed enChIP analysis using primary cells from the Tg mice ( Fig. 3A ). For these 103 experiments, CD4 + T cells were purified from 3xFLAG-dCas9-IRES-EGFP mice and 104 3xFLAG-dCas9/CTV (GFP + ) mice and activated with anti-CD3 and anti-CD28 Abs. The 105 activated cells were transduced with a retroviral vector expressing gRNA targeting the c-myc 106 promoter (m-c-myc gRNA #1/pSIR-hCD2) or a negative control vector (pSIR-hCD2), and 2 days 107 later, hCD2 + cells were isolated and expanded in media containing IL-2. Cells were fixed with 108 formaldehyde and subjected to enChIP analysis using anti-FLAG Ab. Yields of enChIP were 109 monitored by real-time PCR. As shown in Figure 3B and C, efficient enrichment of the c-myc 110 promoter region, but not irrelevant loci (Gapdh, Pax5), was detected in samples expressing 111 gRNA targeting the c-myc locus. By contrast, no enrichment was observed for samples in the 112 absence of gRNA. The yields of enChIP were comparable between 3xFLAG-dCas9-IRES-EGFP 113 mice and 3xFLAG-dCas9/CTV (GFP + ) mice. These results demonstrate that primary cells from 114 these Tg mice can be used for enChIP analysis. 115
We generated Tg mouse lines expressing 3xFLAG-tagged dCas9 and retrovirally transduced 118 gRNA targeting a genomic locus into primary CD4 + T cells from these mice. Using this approach, 119 high yields of enChIP could be achieved. Thus, these Tg mouse lines represent a useful tool for 120 enChIP analysis in primary mouse cells. The injection of adenovirus-mediated gRNA (Platt et al. 121 2014) into these Tg mice should also enable the isolation of genomic regions of interest from 122 mouse tissues without the need for primary cell cultures. In addition, the Tg mouse strains 123 generated in this study could be used for CRISPR interference (CRISPRi) Ab (F1804, Sigma-Aldrich), as described previously (Fujita & Fujii 2013) . 211 212
Transduction of gRNA and isolation of transduced cells 213
Transduction of retroviral expression plasmids into primary CD4 + T cells was performed as 214 described previously (Naoe et al. 2007) . Briefly, CD4 + T cells were purified from spleens using 215 the Mouse CD4 + T cell isolation kit (Miltenyi, . Purified CD4 + T cells were 216 activated with anti-CD3 Ab (3 µg/ml, 145-2C11, 553057, BD Pharmingen) and anti-CD28 Ab (3 217 µg/ml, 37.51, 553295, BD Pharmingen). A retroviral expression plasmid was transfected into transduced with the retroviral particles by the spin infection method (Naoe et al. 2007) 
